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An optical wavelength 
muRjpieief/defnultiplexer including a substrate, an 
npu channel waveguide provided on the substrate, an 
nput Uab waveguide of which one end is connected to 
the mpat channel waveguide, a channel waveguide array 
d which one side is connected to the other side of the 
npuC slab waveguide and which has a plurality of 
cftannel waveguides, the plurality of channel waveguides 
each of which differs In length from its neighboring 
waveguide redetermined amount, an output slab 
waveguide of which one side is connected to the other 
wcte of the channel waveguide array, and a plurality of 
output channel waveguides which are connected to the 
other side of the output slab vi^ve guide, said input 
stab waveguide or output slab v^veguide having a 
temperature compensation material, in its light path, 
having an opposite sign of diffraction temperature 
change to the plurality of channel wave guides, a 
material capable of canceling change in in-phase plane 
of light having each wavelength which occurs on a 
vicinity of the channel waveguide array and the slab 
waveguide, the material being provided in the curved 
form so that it may cross the light traveling direction, 
or a waveguide element for band width adjustment on 
which a waveguide to adjust band width of wavelength 
multiplexing light is provided. According to the 

optical wavelength multiplexer/demultiplexer of the 
invention, the following advantages can be obtained; an 
angle in the In-phase plane of output light in the 
channel waveguide array is not changed regardless of 
the temperature change around the channel waveguide 
array, the increase of the toss is restrained, the most 
optimized spectrum response is provided, a 

setting of the center wavelength is finely adjusted, 
the electric field distribution is most optimized, the 
band width is expanded, the flatter loss is reduced, 
and the cross-talk is reduced. 
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of channel waveguides, the plurality of cl3 rv^jTH^ 1 , I" 

waveguide by redetennined amoun.^an outTl ^iffth^ ^ '''"^ ''^ -^bo^ 

channel waveguide array, and a plu^li^- of lp« Z^Jave^S^ T " 

output slab wave guide, said in^ut slab wavSc 0^1^^^ '^''f other side of the 

material, in its light path, lu^,^ opposite of dffiaSnliZrt ^"''^ ? '""P"^^*^' ccnpcnsation 
gmdes.amaterial capable of canceli^'lnge^'^^^^^^^^^ 

vicuuly of thechannel wavegnidc anay and the slab wave^fd^hS ^vaveleogth which occurs on a 

.tn,aycn«s the light travehngdirectiolora watgu^^^^ 

adjust band width of wavelength mulliolc W iLt, ^ f 

m«ltiplexer/de„>ultiplexerof.heinvLl 'h'^ "P'i-l waSengS 

of output light ii, the chm^elwaveguidea^ltot^^^^^ 

^vaveguide array, the increase of .helosslS^Te '^f ^m>^t^^ change around the chLel 

the center wavelength is finelv adjusted the^t^eW dT^hT "^'^ P^^'^'^*'. " of 

•hcflallcrloss isnnluced, and thccZ'i "^nd^ndth is expanded. 
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ABSTRACT OF THE DISCLOSURE 

An optical wavelength multiplexer/demultiplexer including a 
substrate, an input channel waveguide provided on the substrate, 
an input slab waveguide of which one end is connected to the input 
channel waveguide, a channel waveguide array of which one side is 
connected to the other side of the input slab waveguide and which 
has a plurality of channel waveguides, the plurality of channel 
waveguides each of which differs in length from its neighboring 
waveguide by redetermined amount, an output slab waveguide of which 
one side is connected to the other side of the channel waveguide 
array, and a plurality of output channel waveguides which are 
connected to the other side of the output slab waveguide, said input 
slab waveguide or output slab waveguide having a temperature 
compensation material, in its light path, having an opposite sign 
of diffraction temperature change to the plurality of channel wave 
guides, 

a material capable of canceling change in in-phase plane of light 
having each wavelength which occurs on a vicinity of the channel 
waveguide array and the slab waveguide, the material being provided 
in the curved form so that it may cross the light traveling direction, 
or a waveguide element for band width adjustment on which a waveguide 
to adjust band width of wavelength multiplexing light is provided. 
According to the optical wavelength multiplexer/demultiplexer of 
the invention, the following advantages can be obtained; 
an angle in the In -phase plane of output light in the channel waveguide 
array is not changed regardless of the temperature change around 
the channel waveguide array, 

the increase of the loss is restrained, the most optimized spectrum 

48 
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response is provided, 

a 3e.ein. of che center wavelen.t. is ^nely aa^ustea. 

the electric fieia distribution is ™ost opti„i„d. 

the band width is expanded. 

the flatter loss is reduced, and 

the cross -talk is reduced. 



49 



CA 0231S4S8 2000-08-09 



"OPTICAL WAVELENGTH MULTIPLEXER/DEMULTIPLEXER" 

FIELD OF THE INVEMTION 

The present invention relates to an optical wavelength 
5 multiplexer/demultiplexer, and more particularly, relates to a 
temperature-unreliable. optical wavelength 

multiplexer/demultiplexer using an arrayed -waveguide diffraction 
grating (hereinafter, called as 'channel waveguide array- ) composed 
of a plurality of channel waveguides having a silica glass as a 
10 core and having different length from each other. In which loss 
resulted of grooves that are formed on slab waveguide is reduced 
and of which spectrum response is optimized, and also relates to 
a channel waveguide array which Is used for a wavelength-division 
multiplex transmission system. 

15 

BACKGROnWD OF THE INVENTION 

In the field of optical communication, a wavelength -division 
multiplexing transmission system that a plurality of signals are 
put on light having a plurality of wavelengths and the light loaded 
20 with the plurality of signals are transmitted through one optical 
fiber to increase optical communication capacity has been 
investigated and has been partially implemented in products. In 
the system, an optical wavelength-division 

multiplexer/demultiplexer for multiplexing or demultiplexing a 
25 plurality of signal lights plays an important role. Among others, 
an optical wavelength multiplexer/demultiplexer using a channel 
waveguide array can implement multiplexing/demultiplexing at a 
narrow wavelength spacing, and hence, can increase the number of 

1 
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-"Uiplaxin, i„ co™„„icaa<,» capacity 

CO ""''"■'"•""""'■"-"--«/-»uU.p..a, 
Of apluralitvof M, v °^ ""X 3a composed 

m certain pattern, each channel waveauid. k • 

2 -de Of siUca .lass and . . ' ""^ 

glass, and a cladding 4 made of a pure sin., „, 

and provided on the substrate 1 so that the 

1 m«v K ^ substrate 

1 may be covered with the cladding to th« 

~ — 3. c.„r 

so tha^ < V— eacn other 

tnat It becomes lonqer fr«n. 

w'lyei- rrom one end to hh* ^«.u 

side) n.h« u (longer 
siaej . The channel waveguide arrav • 

15 for expected as a key device 

for the wavelength multiplex tran«™,-- • 

n K transmission system in case that the 

-znber of channel is increased, because it can be . 
3a«e process and steps regardless of the T "^"^ 

" -^-^P-. With respect to a transmitting wavelength h 
- interval and a transmitting center waveleng h be ^ ' 
-- .H. approximately. o.Snm, or its muU ^ . 
With the international standard. 

TO both sides Of the channel waveguide array 3a a fan h 
input Slab waveguide S which may be called h 
- waveguide, and an fan-shaped output " '"^"^ 

hereinafter, as -output wa r a^r^ ^ "^^^^ 
Channel waveguide . is connected to the T"^' ^^"^^^ 
waveguide 5 and a «i , fan-shaped input slab 

yuiae 5 and a plurality of outnl.^ 

y ot output Channel waveguides 8-1-8-8. 
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In the above structure, signal lights including various 
wavelengths input in the input channel waveguide 7 are input through 
the fan -shaped input slab waveguide 5 in each core 2 of the channel 
waveguide array 3a. The signal lights input in the channel waveguide 
array 3a propagate through each core 2 to the fan- shaped output 
slab waveguide 6, in which a light-collecting position is shifted 
in the contact surface of the fan- shaped output slab waveguide 6 
and the output channel waveguides 8-1 ^ 8-8 because in-phase plane 
is declined depending on the wavelengths. As a result, the output 
signal lights in the fan- shaped output slab waveguide 6 are 
selectively output to the output channel waveguides 8-1 8-8 in 
accordance with the shift condition of the in-phase plane, whereby 
signal lights having different wavelengths are output from the eight 
waveguides . 

A length "L" of each channel waveguide 3 in the channel waveguide 
array 3a changes by thermal expansion and a refractive index of 
silica glass constituting the core 2 changes with a temperature 
change. Accordingly, if a temperature changes, for example, from 
0*C to 60*C, the in-phase plane 9 changes to the in-phase plane 10 
as shown in Fig. 1. As a result, a light-collecting position is 
shifted in accordance with the temperature change, and wavelengths 
to be demultiplexed change. 

In Fig. 3. *d - is a pitch of the channel waveguide in the channel 
waveguide array 3a and - 0 - is an emerging angle of signal light 
from the channel waveguide to the output slab waveguide 6. If it 
is required to keep the in-phase plane shown in Fig. 1 to be continuous 
with respect to certain wavelength, the following equation has to 
be satisfied. 

3 
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^- . ... ^^^^^^ _ ^ 

-^engcn an the channel waveguide 
OI the channel vsveguiae array 3a H 

i« e. ..e ehanne: ..,e,..a .„a, 3a, an. n. an 

e„,c»v, .na„.. an, „, .„ e,n,l .o .h, ra.rac.va 

anua ,a.a. whUh channa: .av.,a.a ar„, 

- .h. c.„ an, n U naarl. a,.al to ... „. 

...pacuvex,. .hna. .h. «„l,,..„, can h. a..,a. u.! 

formula (l) . cne 
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A^/At - (x/n) X (<5n/<JT) X 



/d (2) 



=h.n« .n.phaa. p..n., .nan ^^^^^^^^^^ 

anca. . _„^,„„ ^^^^^^^ 

-Ue, .ha. .h, ch.„„ „e„cuva .n.«. „ 
w.va:an„„. .a .a.n...,..„, .^^^ ^^^^^^^^^ 

chan,a ia rapraaantad by tha ..u,.i„, 
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- (A/n ) X ( an /5t) 



(3) 



For example, a value of A A/ At in Bil±a. „, 

silica glass to which titanium 
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oxide (TiOj) is added is 0.01 inm/V) , when n = 1.45. 6n/6T % i 
Xio *, A -ISSOnm. The optical part materials using such the channel 
waveguide array 3a are used under the temperature such as ot: to 
in general . 

As a result, the channel waveguide array 3a can not be used in 
practical system, because the wavelengths to be demultiplexed is 
shifted by 0.6nro at maximum in case that the temperature changes 
from ot: to 60t: . m order to reduce the change of center wavelength 
due to temperature-reliability, it has been proposed that a 
wedge-shaped groove is provided in a part of the channel waveguide 
array 3a and an optical resin material is Inserted in the groove. 

A conventional optical wavelength multiplexer/dimultiplexer in 
which a wedge-shaped groove having an optical resin material is 
provided is shown in Fig. 4. A value represented by the formula 
(2) has to be smaller than a value represented by the formula (3) 
to reduce the change of center wavelength due to the 
temperature -reliability. For the purpose, the wedge-shaped groove 
having a maximum width Wis provided In a part of the channel waveguide 
array 3a and the optical resin material is Inserted in the groove. 
As a result, the shift of demultiplexed wavelengths due to the 
temperature-reliability in in-phase plane is canceled. This 
situation is represented by the following formula which Is derived 
from the formula (2) . 



idn/dT) AL + (AL'X 6n'/dT ) - o 



(4) 



wherein AL ' ia a width difference of each groove in channel waveguide 
array 3a and the channel waveguide has the width difference AL' 
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refractive index Of .-h* " ® 

Of the optical resin, and 5„./ 5t is a ch. 
refractive index Of the optical resin. . ^ " ^ <=i>ange of 

temperature. Por example. 

^ v.. i ;r ^ - - — -ateria. 

'"T is the following value. 



<5n'/aT -37 X 10 * ix: ^] 



Thechange <5nVdT) of refractive index of the si, • 
10 on temperature is near, °' ^''^ ^^^-^ Srlass reliable 

" IS nearly equal i X lo'frh. 
L'/AL i« ^1. X therefore. A 

^ /^i- 18 the following value 



1/37 



»6 ^*"9th difference A L Of neiahi. . 

Of neighboring channel wavecul^o • 
approximately loo waveguide xb 

^n. and hence, the width difference A L • of it is a 
Urn. However th« w approximately 2 

owever, the number of channel waveguides in channel 

array 3a is 100 to 200 and hence the m • 

uence, the maximum width w 
20 resin material 12 is 400^m. 

length of channel waveguide 3 is designed so that it be 
-nger by same length difference . L from inside channel 
to outside Channel waveguide. ""'"""^ 
Accordingly, phase change amount ^ ... 
25 transmittina th. v ^^^^^ wave 

""xtting through channel waveguide 3 of 1 . 

»ost inside (Shortest, channel " '""^ 

*wcBt; cnannel waveguide -t^^^^- 

by the formula based on th . "° 

°° the channel waveguide 3 exis^«^ 4 
inside. existed la the most 
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^'n, ( A) » 27tna • iAL/ A 



(6) 



wherein A is a wavelength of light wave in vacuum and n« is effective 
refractive index of channel waveguide 3. 

According to the formula, the effective refractive index of light 
wave in the vicinity of the connecting face of the channel waveguide 
3 and the output slab waveguide € declines depending on the wavelength, 
and the light wave subjected to the phase change by each channel 
waveguide 3 is interfered in the output slab waveguide 6 and the 
interfered wave is output from the output channel waveguide 7. 

In case that wavelength changes, the light-collecting position 
is shifted in the connecting face of the output slab waveguide 6 
and the output channel waveguide 8, because a directionof the in-phase 
plane i s di f f erent by wavelength . Accordingly, the 1 ight wave having 
different wavelength can be taken from each output channel waveguide, 
whereby light multiplex/demultiplex can be realized. The 
wavelength A emerged from the output channel waveguide 8 provided 
on a symmetrical axis 11 of the output slab waveguide 6 is represented 
by the formula. . 



A « na AL/ m (7) 

wherein ^m* is a diffraction degree. 

In case that a light circuit is constructed by a normal material, 
a refractive Index of the material changes by thermo- optical effects 
due to temperature change to change na, and a length of the channel 
waveguide 3 changes by a thermal expansion to change 
A L . Accordingly, the in-phase plane of light wave in the vicinity 
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Of the connecting face r,f t-u ^ 

ng race of the channel waveguide 3 ann 
Slab v&veaxiiA. A , . ^^^^P^t 

aveguade 6 declines depending on the temperature to ch 
the output wavelength. 

On the other hand, in case hh»^ . 
5 -K temperature changes by At i„ 

^ provided on a sy^etrical axis ii of th 

^'-~----™ount;::::r:-:r^^^^^^^^^ 

"^^^^ - - -~ng .e fori 

- AL/„ I an. / dT ♦ „. . 1/ AT . 

, , n. 1/ . d (AL) /dT J At 

- '^•/n. [dn./dT ♦ n. • i/AL . ^,ai 

• 1/ AL . d{AL) /dT] At (8) 

" ''^'^^ «i«-it is constituted by a silica . 

/ - - e,ual to a ..perature ...J.! Z^^^ 

- ------ dT is nearly i.::;r^"^^-^- 

1/ AL • d (ALi /^m ■ I. 
a t^L) /dT is nearly 5 v io-» 

-enc AA/At i, " 

An electric power h^e ^.^ u 

array 3a • ' """'-"^ '^•^"nel waveguide 

array 3a using a silica material Which h,- . 

nf * temperature coefficient 

of approximately 0 01 rnin/ri k "ticlent 

exn*.«o- PPAiea. such system requires 
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using temperature-unreliable, channel waveguide array has been 
investigated (Inoueetal. , Shingakukai Sogo Taikai C- 3 - 117 (199B)) 
According to the investigation, a groove (not shown) is formed on 
the channel waveguide array 3a by etching, and a resin material 
having a temperature coefficient opposite to that of silica is 
inserted in the groove to make the transmitting wavelength to be 
temperature -unreliable. Further, according to it, the center 
wavelength is not precisely adjusted by using a heater or Peltier 
element because a waveguide element is temperature-unreliable. 
Therefore, the input optical fiber 7a is directly connected to the 
end 25 of the input slab waveguide 5 as shown in Pig, 5, and the 
center wavelength is controlled by adjusting the connecting position 
of the fiber 7a. 

An example of conventional optical wavelength 
multiplexer/demultiplexer that the wavelength shift is reduced and 
the temperature control is omitted is shown in Pig. 4. A groove 
12 is provided on a part of the channel waveguide 3 and the material 
having different temperature coefficient of refractive index from ' 
that of light circuit is filled in the groove to cancel a decline 
of in-phase plane due to temperature. This is written in Y. Inoue 
et al. "A thermal silica-based arrayed -waveguide grating (AWG) 
multiplexer- ECOC 97 technical digest, pp. 33 to 36. 1997. However, 
according to the method, it is the problem that diffraction loss 
becomes more by the groove 12. because the groove 12 is provided 
in the way of the channel waveguide 3 having a two-dimensionally 
light-enclosing effect. 

The optical wavelength multiplxer/demultiplexer is shown in Fig. 
6. which is proposed to reduce the diffraction loss in the groove. 

9 
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The groove 20 is provided on ^K • 

provided on the input slab waveguide s or 
Slab waveguide 6 an,, 

9u-<ie 6 and the material having different 

IT"" - — - c:::: ::::::: 

^wucroiiea, because it is on^ 
" Shut in the K <i-'nen8ional light that 

in the slab waveguide 5, 6. 

. conventional opHc .ulpl.x.r/..^.^,,.,., . 

generated. And, a groove 

«eter which. ^ "^^''^^ than sub-micron 

«eter. which is smoothly changed with hlah 

' *itn high accuracv la .i 
in order to ok^«< "quired 

« —,„., :: - - - - .... 

" '»".." production .convey o. t.. 
„,t.„ 

'■^sr- 3. increase of the diffraction i 
.u«icl.nu, p,ot.ct« ,,,, " 

..v.,u.<.. 5 ha, to b, eubstantlally a... a, ti„.. , 
..v.,ula. 3a. ,oc„,.ln«„ it U .inj T 

«P"c.l »ultl«„,,,,.,„,,.^,.„^ """"" 

- ... 1... . _a. . :. :::r : 

groove 20) and Fig 8 <wlth f without 

'iS. 8 (with groove 20) in whieh a , 
obtained h,,«v design value is 

•-^..■..„p„p.,aUo...t.o.. ™..i.Wio..l..,,„,„ 
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value is set so that it is consistent with that in the measured 
value. In Fig. 7 (without groove 20) , the graph shape of the passing 
region (main loop) A in the design value is substantially same as 
that in the measured value, and the minimum loss is 4:3 dB. On the 
5 other hand, in Fig. 8 (with groove 20) , the graph shape of the passing 
region in the design value is broader than that in the measured 
value, and the minimum loss is 7.1 da. 

The problem of the spectrum response is illustrated in Fig. 9. 
An aberration occurs between the light wave emanating from the point 
10 "O- corresponding to the exit of the input channel waveguide 7 and 
propagating in the vicinity of the center of the groove 20, and 
the light wave emanating from the point -O- corresponding to the 
exit of the input channel waveguide 7 and propagating apart from 
the center of the groove 20. because the refractive angles 5 ^ and 
15 0j are different from each other. Accordingly, if the light wave 
emanates with keeping the aberration, the spectrum response of the 
light wave in the optical multiplexer/demultiplexer with the grooves 
provides more discrepancy than that in the optical 
multiplexer/demultiplexer with no groove. 
20 According to the conventional optical wavelength 

multiplexer/demultiplexer with the grooves 20 on the slab waveguide 
5 or 6 as the above illustration, it is difficult to keep the loss 
due to the groove 20 lower and problems exist in the spectrum response, 
and therefore, it is difficult to make practical use of it at present. 
25 Further, if the input optical fiber is directly connected to the 
end surface of the slab waveguide, there is a problem that it is 
hard to optimize distribution of electric fields to provide wide 
and flat band width or low cross -talk by introducing a Y-branch 

11 
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type wave.u..e. a parabolic .one typ ^ 

waveguide in front of the slab w ^ « a taper type 

fib. ■ waveguide. And. when the optical 

/^^er as set on the end surface of the slab w 

an«^*, waveguide, there is 

another proble. that the discrepancy of the axis h 

5 the range of sub^ . '° "^"^^^ 

sub;., and several.. i„ 

center wavelength. 
SUMMARY QP n^HE INVENTThm 

Piexer with a reduced additive loss anH i 
deteriorated cross -talk 

vavxe or finely adjustino aef 

:r:;r .rr - 

igncs m the channel waveguide arrav ^„ 
20 Width and to provide a flatter 1 

flatter loss or to reduce a cross- talk 
A fourth object of the invention i » . 

-.».»«^..,„.„ jr;:z::::r ;:r.: 

a wider band width 

and having low cross -talk. -^engch, 
25 The Objects of the invention can be attal h . 

the each feature of the n ^^'^ 
"^ure Of the present invention. 

According to the feature of the invention • 

— ^::::r:::::: 
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wavelength multiplexer/demultiplexer including a substrate; an 
input channel waveguide provided on the substrate; an input slab 
waveguide of whichone end is connected to the input channel waveguide; 
a channel waveguide array of which one side is connected to the 
other side of the input slab waveguide and which has a plurality 
of channel waveguides, each of the plurality of channel waveguides 
di f f ering in length from i ts neighboring waveguide by a predetermined 
amount; an output slab waveguide of which one side is connected 
to the other side of the channel waveguide array; and a plurality 
of output channel waveguides which are connected to the other side 
of the output slab waveguide; 

wherein said input slab waveguide or output slab waveguide having 
one of a temperature compensation material, in its light path, having 
an opposite sign of refractive index- temperature change to the 
plurality of channel waveguides; a material capable of canceling 
change in in -phase plane of light having each wavelength which occurs 
in the vicinity of the channel waveguide array and the slab waveguide, 
the material being provided in the curved form so that it may cross 
the light traveling direction, and a waveguide element for band 

width adjustment on which a waveguide to adjust band width of 

wavelength multiplexing light is provided. 

The thickness of the temperature compensation material provided 

on the input slab waveguide or output slab waveguide is thinner 

than the thickness of the temperature compensation material provided 

on the channel waveguide array. As a result, the additive loss and 

cross "talk are reduced. 

A preferred embodiment in the feature of the invention is that 

the temperature compensation material is a wedge-shaped 

13 



CA 02315458 2000-08-09 



multl -component glass material • 

material is provided in the 

" providea in th. light oath =f ,„ ■ 

•sue path of th« input ,i,h w.veauifl- . 
5 , slab .avejulae, »av«gula« or output 

* »f th. invention i. that th, ■ 

«.v.,„iaa or output slab .avegulda 1 '"^ 
-»-ng the light tra.eli.g Z: ^ ^ ' """" 

, -""»"-"o..n..hio:h.. trr.:.^^^^^ 

.i».,ent that o, th, ™t,Li I " " """"" 

~ " .u. i:::::::r,e::r 

.^.^inth.,t_ath.ttheou„e._i._.:. 

15 and the input Chan i "^^^ slab waveguide 

ne input channel waveguide, or between «-h. . 

- the output .h.nn.l .a.eguia, , 

- cu„e. g„ov„ i. . ,iu„,,;; "I" '"" - 

i'^^raiity, and that the eut-v-.^ 

a» -sposed in the light traveling direction xt is 

20 are provided beca • "'''^ °' ^'^^ 

P oviaed, because increase of the ir>,= • 

As " "Strained. 

As the exanipies Of the material canabi^ ^ 

are an optical resin • , 

material . "^^^ examples of the 

"aterial constituting the input and output slab w 
input and output channel waveguides, the 

«i-i/ut cnannel waveguides »nH ♦.u 

" Channel waveguides of 
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the channel waveguide array is a silica material, in case that the 
slab waveguide made of the optical resin and the silica material 
is combined, particularly marked advantages can be obtained because 
the optical resin provides a negative refractive indeifc- temperature 
change and the silica material provides a positive refractive 
index -temperature change, whereby the optical wavelength 
multiplexer/demultiplexer becomes temperature -unreliable . 

By the waveguide element for band width adjustment, set of the 
center wavelength is finely adjusted, electric field distribution 
of the signal light in the channel waveguide array is optimized, 
a band width is expanded, a flatter loss is provided and a cross - talk 
is reduced. The waveguide element for band width adjustment can 
be provided with the waveguide of which one end is expanded in the 
taper- shaped or in the parabolic hone-shaped toward light emanating 
side. In the structure, it is also possible that the input slab 
waveguide is divided into two parts, one of the divided parts existing 
in the entrance side thereof is provided with the waveguide element 
for band width adjustment, and the other of the divided parts existing 
in the emanating side thereof is provided on the substrate. And. 
the waveguide element for band width adjustment can be provided 
with a slit which exists in the waveguide thereof and is expanded 
in the entrance and emanating direction. 

structure, the optical wavelength 
multiplexer/demultiplexer can be provided with a plurality of 
additive waveguides in the vicinity of the waveguide element for 
band width adjustment and the output waveguides, it is preferred 
that each of the waveguide is temperature -unreliable. According 
to the structure, a position and a shape of the waveguide element 
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for band w.dth a.^ust^ent are optimized by providin • 
the input optical fiber and the • 

adjustment of -veg.ide. wh.reby 

■lajustment of wave shape (e a ^aia ^ 

K . Pe (e.g a<3justinent to wider band width, 

a„p.e.ented. further, by providing the addif 

« between the waveguide for band width d. 

Width adjustment and the . 

... " — u 

*nen the element is fixed. 

Fi?. 1 is a Plan view showing a conventional optical 

-Uiplexer/di„ultipiexer using a chan i 

p. , . ^ * channel waveguide array 

Fig. 2 as a. vertical sectional view tak.„ , 

of Pig. 1. ^^°"9r the line a-a' 

''i^- 3 is a partially enlarged view showing the detail in th 
15 contact position of the channo, 

or Channel waveguide array and the ^ 
output Slab waveguide of Pi,, ^'n-shaped 

^^9- is a Plan view showing another conventional • 
wavelength -Itiplexer/dimultiplexer. 

fig. 5 is a pane view Showing other conv^n^^ , 

'° — — ::r::r:::r-""^ 

temperature unreliability. "avegu.de array of 

Pis. 6 is a Plan view showing still „», 

*n a conventional optical , 

a conventional optical 

opcical wavelength 
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multiplexer/dimultiplexer with a groove in output slab waveguide. 

Fig. 9 is a plan view showing spectrum response in a conventional 
optical wavelength multiplexer/dimultiplexer. 

Fig, 10 is a plan view showing the first embodiment of the 
temperature-unreliable. optical wavelength 

multiplexer/dimultiplexer in the invention. 

Fig. 11 is an illustrative view showing fundamental behavior in 
the temperature -unreliable, optical wavelength 

multiplexer/dimultiplexer shown in Fig. 10. 

Fig. 12 is a graph showing a relationship between a width of groove 
and a loss in the channel waveguide. 

Pig. 13 is a plan view showing the second embodiment of the 
temperature - unrel iable , optical wavelength 

multiplexer/dimultiplexer in the invention. 

Fig. 14 is a plan view showing the third embodiment of the 
temperature -unreliable, optical wavelength 

multiplexer/dimultiplexer in the invention. 

Fig. 15 is a graph showing a relationship between a wavelength 
and a loss in the optical wavelength multiplexer/dimultiplexer of 
the third embodiment in the invention shown in Fig. 14. 

Fig . 16 is a plan view showing the fourth embodiment of the optical 
wavelength multiplexer/dimultiplexer in the invention. 

Fig. 17 is an enlarged plan view showing the input slab waveguide 
of the optical wavelength multiplexer/dimultiplexer shown in Fig. 
16. 

Fig. 18 is an enlarged plan view showing the curved groove of 
the optical wavelength multiplexer/dimultiplexer shown in Fig. 16, 
Fig. 19 is illustration view showing behavior of the curved groove. 
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- U> . ^^^^^^^ 

graph Of relationship between a d^,^ 

'° '""^ °f curved groove 

and an angle. y^^oove 

^i^- 20 is a graph showing a relationship between the k 
5 the cur-^^r) oecween the number of 

Che curved groove and excess loss. 

Fig. 21 is a graph showing a relatlonch^ ^ u 

'relationship between the width of 
the curved groove and excess loss. 

Fig. 22 is a graph showing a relationship between th« 
and the loss in ^K . between the wavelength 

the fourth e».,odi„ent of the invention. 
^3 is a Plan view showing the fifth e:„bodi„ent of the optical 
wavelength .ultiplexer/di.ltiplexer in the invention 

24 is an enlarged plan view showing „ain parts in the optical 

wavelength «ultiplexer/di„ultipiexer of the • • 

23 °* invention shown la Pig. 

« r,. I" ° """" — 

- ... .o.. ^^^^ - 

30 is . ^^^^^^^^ .o„.«.„, 
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Fig. 31 is a plan view showing taper- shaped waveguide element 
for band width adjustment in the invention. 

Fig. 32(a) is a plan view showing a seventh embodiment of the 
optical wavelength mul tiplexer/dimultiplexer in the invention. 

Fig . 32 (b) is an enlarged plane view showing the waveguide element 
for band width adjustment in the invention shown in Pig. 32(a). 

Fig. 32(c) is a partially enlarged plan view showing the area 
A of the optical wavelength multiplexer/dimul tiplexer in the 
invention shown in Fig. 32(a). 

Fig. 32(d) is an enlarged plan view showing the area B of the 
optical wavelength multiplexer/dimul tiplexer in the invention shown 
in Fig. 32 (a) . 

Fig. 32(e) is a partially enlarged plan view showing the area 
C of the optical wavelength multiplexer/dimultiplexer in the 
invention shown in Fig. 32(a). 

Fig. 32(f) is a vertical sectional view taken along the line D-D 
of the optical wavelength multiplexer/dimul tiplexer in the invention 
shown in Fig. 32(a). 

Pig. 33 is a graph showing relationship between the input port 
number and the wavelength of divided wave of the optical wavelength 
multiplexer/dimultiplexer in the invention shown in Figs. 32(a) 
to 32 (f ) . 

Fig. 34 is a graph showing a relationship between the wavelength 
and the loss in the optical wavelength multiplexer/dimultiplexer 
of the invention shown in Figs. 32(a) to 32(f). 

Figs . 35(a) to 35 (c) are vertical views showing other embodiments 
of the waveguide element for band width adjustment in the invention 
shown in Figs. 32(a) to 32(f). 
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SMgRiPTio» or T... „ rr ninnMiiim. 

» . .U. 3 ^^^ ^^^^^ 

^^^^^^^ ^^^^^^^^ ^^^^ 

as a silxcon resin or epoxy resin . 

...e „ ^_ ^^^^^^^ 

o .e.„c».. .o.„..«..„„„. ^^^^^^ 
" c„, ^^^^^ ^^^^ 

. U ^. ^^^^^^^^ ^ J 
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same position. On the contrary, the in-phase planes 15 (at oXl) 
and 16 (at 60t:) of the input slab waveguide 5 existed in the emanating 
side of the optical resin material 12 are set so that each position 
of the in-phase planes 9 (at oX:) and 10 (at 60t:) shown in Fig. 
10 is not changed. Thus, even if temperature changes, a 
temperature-unreliable, optical multiplexer/demultiplexer is 
obtained by making the refractive index- temperature change of the 
optical resin material 12 opposite to that of the waveguides in 
the input slab waveguide 5 and the channel waveguide array 3a. 

The light passed through the optical resin material 12 is launched 
to the channel waveguide array 3a and is passed through each core 
2. The in-phase planes at the exit of the channel waveguide array 
3a are constant, even if temperature changes. That is, even if 
temperature around the channel waveguide array 3a changes, a 
light -collecting position by each core 2 in the channel waveguide 
array 3a is not shifted and the demultiplexed wavelength changes. 
A result of quantitative consideration of optical 
multiplexer/demultiplexer of the invention will be explained below. 
In Fig. 11, an angle of the optical resin material 12 is "a" 
and an angle of light wave surface after the light is passed through 
the optical resin material 12 is " 0 • . Angles of the in-phase planes 
15 and 16 change, because a refractive index ^n of the optical 
resin material 12 is different from a refractive index "n" of silica 
glass in the channel waveguide array 3a. The value " d " is given 
by the following formula. 



0 ' a (n- - n) / n' 



(9) 
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Wherein 6 (( 1 and a (( i. 

The formula is dif f eren^^-^-*»^ w ^ 

xfferentaated by temperature -t- to obtain the 

Change xn the angle " 0 " • , 

as«h K °' '••V^"-^^"^ P^*" to the temperature 

as shown by the formula. 



AO/At . au / ^ ^g^, ^ 



(10) 



Wherein 6n- / 6t)} fin / 6t and n- - . 

.0-^an..nW...-3.. J^VV'^'^-^^^^^^^- 
of the in-phase plane to the temperature in the .h, , 

ture xn the channel waveguide 
array 3a becomes 4 x 10 » frad/'i-l „v a 

n / <5t 1 X lO-rc-J and d - 120 Mm 
----.o. the optical resin™. 

H Of the optical resin material 12 ia so 

18 60 Mm, a width -w- of the 
optical resin material 12 is 9 /a™ »k4 v . 

" IS 9 Mm Which is much smaller than 
conventional value (400 Mm). 

20 wavelength characteristics in hh- u 

Flo 1, " «-eguides is Shown in 

Fig. 12. The loss is exponential- functionaliv • 

^.^^■^ , functionally increased to the 

o., .0. «... ... 

the loss is only in the liah^ 

light power emanating to the upper and 
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lower directions of the cladding. As a result, the loss in the 
direction of the thickness can be controlled to the value of not 
more than 0,2 dB and the loss is much reduced in comparison with 
conventional, optical multiplexer/demultiplexer. 

The second embodiment of the temperature -unreliable, optical 
multiplexer/demultiplexer in the invention is shown in Pig. 13, 
in which an optical resin material 12 is used instead of the optical 
resin material 12 shown in Fig. 10. In Fig. 13, the fan- shaped 
input slab waveguide 5 is divided into two (i.e. slab waveguides 
5A and 5B) , a slit is provided therebetween, and the optical resin 
material 12 is provided in the slit. Silicon and epoxy resin are 
used as the. optical resin material 12. whether wider width side 
of the optical resin material 12 is provided in outside or inside 
of the channel waveguide array 3a can be determined by the same 
manner as in the optical resin material 12 in Fig. lO, 

The third embodiment of the temperature-unreliable, optical 
multiplexer/demultiplexer in the invention is shown in Fig. 14, 
in which a multi- component glass material 18 is used as a temperature 
compensation material instead of the optical resin material 12 in 
Fig, 13 . Themulti-componentglassmaterlallSwhichhas a refractive 
index of n' % 1.55 and a temperature coefficient of <5n' / (5t % 
-10 X 10'^ is fixed in the slit 26 by an optical adhesive. The wider 
width side of the multi -component glass material 18 is set so that 
it is located in the outside (longer side) of the channel waveguide 
array 3a in Fig. 14, and whether wider width side of the 
multi -component glass material 18 is provided in outside or inside 
of the channel waveguide array 3a can be determined by refractive 
index- temperature change characteristics of the multi -component 
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glass material is an/i ^ 

"tractive Index- temperature change 
characteristics of. the silica glass in . 

3a In ^. K waveguide array 

3a. in the embodiment, the wider width side of the . 
.lass material 18 is located i„ th 
« . located in the outside (longer side) of ^v. 

S channel waveguide arravi. k ''^^ 
dearrayaa. ^^^-e the refractive index- temperature 
Change characteristics of the multl "Perature 

Che tnulti -component glass material ifl 
i» opposite to the r«f. 

c-~c.„..„„ , """" — — tu„ c.„„ 

- 120ltm T .V / ''T . 10 X 10 '' and d 

"0««. In the case, when a length -h- of ^„ 
9l....ateriall8is60^m a • ™"lti- component 

a^i8is60/im. a maximum width -w- of the mul n 
« 91«B« material 18 is 3,. . ^^^'^^"'"Iti -component 

eraai 18 is 33 Mm which is much small-,- ^t, 
value ,400Mm, . " conventional 



As shown in Fia i ^ ^ 

rig. 12, the loss In <->%^ 

in the channel waveguides 

t, t.. ' 

t:ho^<i^« . ^'^^ groove bv 

cue diffraction of the n«>*i. . 

^ light. Accordinglv th^* • 

20 because th. v.i " much reduced 

«a J 1 : " ^^-•'^^^ - ^-ti-component glass 

e ial 18 .s smaller in the invention. . ^^^^^^^ 

light exists only in the direction of the thl.v 

(In thxckness of the waveguides 

(in other words, it does not exist In ^>. 

IB , ""I ti -component glass material 

18. the loss is only in the lloh^ « acerxal 
y in tne light power emanating to th. 
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direction of the thickness can be controlled to the value of not 
more than 0.5 dB . 

A graph of the wavelength- loss characteristics of the optical 
wavelength mul tiplexer/dimul tiplexer of the third embodiment in 
the invention is shown in Fig. 15. 

A graph of the wavelength- loss characteristics with the 
mul ti- component glass material 18 is shown in Fig 15(a) and a graph 
of the wavelength -loss characteristics without the multi -component 
glass material 18 is shown in Fig 15 (b) . It is apparent f romFig. 15 (a) 
that temperature change of demultiplexed wavelength is very small 
by using the multi .component glass material and that the reduced 
loss is realized because the change of the loss which is found in 
Fig. 15(b) is not found in the passing region. Further, it is not 
necessary to form grooves in the wide range in comparison with 
conventional one, and deterioration of cross -talk does not cause 
because highly precise surface treatments of not more than 0,01 
Mm can be done by abrasion, etc. 

In the embodiments of the invention as above, the optical resin 
material 12 and the multi- component glass material 18 are provided 
in the input slab waveguide 5, but they can be provided in the end 
of the output slab waveguide 6 . The input slab waveguide 5 is divided 
into two parts to provide therein the optical resin material 12 
and the multi -component glass material 18 therein, but is not limited, 
and the groove is made, for example, by a laser treatment; 

The fourth embodiment of the optical multiplexer/demultiplexer 
in the invention will be explained in Fig. 16. in Fig. 16, -la" 
designates a substrate on which the core of silica having a light 
circuit is provided and then a cladding layer of silica is provided 
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as shown in Fig. 2; "Sa" rl«o4^ . 

* '^^^""^^ --vegulae array in 
the center Of the lifth*. ^- . **'»y in 

n.ht c.rcua.. Which is constituted by a plurality 
Of curvature channel waveguides 3 • -7. de« • 

7 aesignates an input channel 
waveguide provided in the input end of the >. 
5 3a- »8- d«,- ""^^ "^veguide array 

d o r r"^ ^""^ "^""^^ ^^^^-^^^ ™ - - o-pu 

o. the Channel waveguide array Sa.- designates an input s la 
waveguide provided between ^ho ■ 

Chan , waveguide 7 and the 

channel waveguide array 3a- • 

ray 3a. 6 <iesignates an output slab waveguide 

provided between the Channel waveguide array 3a and . 
10 waveguides > , ' ""^ output channel 

t.. ^^^^ 

direction Of th. light..,.. » fUl.r „ . ■ 

explained above as tho v ^. 

as the e„a,odi„ents of the invention has the 
characteristics capable of coatroUina ^ 

Which ha« K «atrolUng temperature reliability 

. has been serious problems in the field, .he principal of th 
temperature-unreliability win be explained below 

' ^'^ic^ is used as the fiUer 21 has • 

neoativ« ^ ^i^^er 21 has a minus or 

negative temperature- re liability of refrao^• 

th« * refractive index and hence 

the refractive angle of the lloh^ 

the light wave passing through the curved 
groove 20 fined with the silicon resin >. 

t^mr. s":tcon resin changes according to a 

^a. As a result, 



CA 023IS4S8 2000-08-09 



the in-phase plane is faced to constant direction without decline, 
whererby temperature-unreliability in the vicinity of boundary 
between the input slab waveguide 5 and the channel waveguide array 
3a is realized. 

Temperature-unreliable conditions will be quantitatively 
explained. In the optical wavelength multiplexer /demultiplexer, 
a wavelength A of light wave output from the output channel waveguide 
8 provided on symmetrical axis 11 of the output slab waveguide. 6 
is represented by the formula, 

A - (n, Al + Hs <5r ) / m (ii) 

wherein "n," is an effective refractive index of the channel waveguide 
3. -n," is an effective refractive index of the input slab channel 
waveguide 5, "m- is the number of a diffraction degree, and -5r" 
is each length difference of the light wave propagating from the- 
exit E of the input channel waveguide 7 through the input slab 
waveguide 5 to the entrance 1 of the channel waveguides 3 in its 
neighboring waveguide. 

The entrance I of all the channel waveguides 3 is substantially 
same distance from the exit E of the input channel waveguide 7. 
If the groove 2 0 does not exist, a distance between the exit E of 
the input channel waveguide 7 and the entrance I of the channel 
waveguides 3 is same in every channel waveguide 3, and 5r becomes 
0 . In case that the light wave is refractive due to the curved grooves 
20 in the embodiment of the invention, and hence, dr does not become 
0. A temperature coefficient of the wavelength A is represented 
by the formula by differentiating the formula (11) by T. 
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5 represented by the formula. 



o ..e ^^^^^^^ 
the groove. 

A position and shape of m,^ - 

nape of the curved grooves 20 for the 

temperature -unreliability are 
16 introduced by calculating (u..r , / dT as follows 
^ ..e input Slab waveguide S is enlarged in .ig. 

xhe point corresponds to the ex. t H of the input channel 
yeguide . . , _ ^„ ^^^^^ ^ - 

; 3 is arranged and if the groove .0 does not e.st 

the .nput Slab waveguide it is coincident with the in-phase 

P-e Of light wave input fro. the i.p.. / 

In case that the groove 4o . 

° " provided in the vicinity of the 

PO- .0.. and the direction Of light wave is rotated by an angle 
e based on the point -0-. i„.p.„e plan, effective to the arc 
-5 h" in whach the groove 20 does not exist is an 

oh^.- "C -h'- which is 

obtaxned by rotating the arc -h- by angle '6^ r„ 
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waveguides 3 in the direction of an angle increases by Ar 

0 (V, 6) whichisadistanceof the point P and the point Q in comparison 
with no groove. Arfl 6) is represented by the formula. 

Are (^,6) = r„06in V (14) 

wherein r^ is a distance of the point "O" and the point "O'" (i.e. 
from the exit E of the input channel waveguide 7 to the groove 20)., 
In the calculation, the value of 0 appears to be quite small in the 
first degree and is ignored in the second and later degrees. The 
length difference " dr" of light wave between the neighboring channel 
waveguides is represented by the formula. 

fir « Are ( ^ + AV, 6) - Are(V, 9) 

^r.eAV (15) 

A rotating angle 0 in the traveling direction of light wave by 
the curved groove will be explained. An enlarged parts of the curved 
grooves 20 are shown in Pig. 18. 



The grooves are filled with filler 21 composed of silicon resin 
having a refractive index n^ n. (a refractive index of materials 
constituting the input slab waveguide) ] . Accordingly, an angle of 
in -phase plane changes as the light wave is passed through the each 
groove 20, and the angle 0does not become 0. 

0 % (n^ 4- Tis) CLi n, (16) 
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Wherein each CGn^^>-r 

center angle .n -n-.th number of groove is o. , a, 

■ On, and a-ai + a, + + q, 
18 represented by the formula. 

5 

(17) . / i -i-(n« n, , i/j. -dr^/^^j 

<17), and .3 represented by the formula. 

dn. / dT + n3 .1 /AL-d(AL) / dT 
15 r,, a « — ' 



<in3 /dT — dnw /dT + ^r, — 
Wherein x/r • dr./dP isl/AL-dt^L, / aT 

•0« U.,. - material Of tbeli.Ht Circuit is silioa material 
n. and n. each is nearly 1.45. dn. / dT and 
dns /dT is nearly l x IQ'^fr-'^i 

» re > . , ^^^^^^^ 

between the exi i- p *.u j «"we 

.1 , r r " " " - 
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channel waveguide 7 and a wall surface Wf is far from the exit E 
of the input channel waveguide 7 each has its center of curvature 
in the vicinity of the exit E of the input channel waveguide 7. 
In case that an angle Vchanges from the point "O" which is the position 
of the exit E of the input channel waveguide 1, a distance from 
the exit E of the input channel waveguide 7 to the wall surfaces 
Wn and Wf changes in a straight line as shown in Fig. 19(b). 

It is possible that the refractive index 01 of the light wave 
propagating in the vicinity of the center of the groove 20 makes 
equal to the refractive index 0 2 of the light wave propagating apart 
from the center of the groove 20, and hence, it is hard to generate 
the aberration. As a result, spectrum response of the light wave 
is kept in substantially same level as in the case with no groove 
20. 

A relationship between the number of the groove 20 and the excess 
loss is shown in Fig. 20, in case that the sum ttof the center angles 
of the grooves 2 0 is cons tant . As the number of the grooves increases , 
the excess loss increases, but the degree of the increase in excess 
loss is reduced, as the number of the grooves increases. The reason 
is that as the number of the grooves increases, the width of each 
groove is made smaller because the space is limited, and that 
waveguides between the grooves act as function of lens because the 
interval between a plural of the grooves is optimized. 

Influences to the excess loss due to the width of the grooves 
20 are shown in Fig. 21. As the width of the grooves increases, 
the excess loss abruptly increases. In case that the sum ftof the 
center angles is same, the light wave emanating in the angle V from 
the exit E of the input channel waveguide 7 passes through the groove 
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» - to»> o, ^„ ^^^^^^^ 

... .MU, o« ^^^^^ 
oe controlled. 

th. .,„e th.„ „ ^^^^ 
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multiplexer/demultiplexer 

t.. ^^^^^^^^^ ^^^^ ^ ^^^^^^ 
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P.,. ^^^^^^^^ ^^^^^^^ ^^^^^^ 

grooves .0 tHe i„p„. ..a. c.anneX wave.ui.e S . si^Ua. aavanta.es 

can be obtained by forming the curved grooves 20 in th« . 

■ai.wwse 20 in the output slab 

Channel waveguide 6. 

« ^^^^^^^^ ^^^^ 

»UU „i..„,,„„,,,,,„„ „ ^^^^^^^^ ^^^^^ 

the invention is shown in Pig. 23. 

o„ic« .aUipi,.„/...„,,,,,„„ „ ^^^^ 
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of a waveguide element 22 for band width adjustment which is connected 
to an input optical fiber 7a for inputting wavelength-division 
multiplex signal lights and in which the waveguides are provided 
to adjust the band width of the wavelength multiplexed signal, and 
an element 33 of temperature-unreliable channel waveguide array 
which is connected to the waveguide element 22 and which outputs 
the wavelength. division multiplex signal lights to be input from 
the input optical fiber 7a that is demultiplexed to each channel. 

The waveguide element 22 for adjustment of band width is arranged 
to form a slit-shaped waveguide 28 which is a band width adjustment 
means as shown in Figs. 24 and 25. In the slit- shaped waveguide 28, 
the waveguide core 2 is expanded in the taper form toward the emanating 
direction of light, and the slit 26 extending to the incident and 
emanating direction in the center (width) of the core 2 is formed. 
The slit 26 is formed by covering with the cladding 4. 

In Fig. 25, the waveguide element 22 is composed of a substrate 
1 made of silica, a buffer layer 29 provided thereon, a waveguide 
core 2 provided on the buffer layer 29 and having a refractive index 
(1.4692) higher than that of the buffer layer 9, and a cladding 
4 provided on the slit- shaped waveguide 26 and having a refractive 
index (1.4574) lower than that of the core 2. The core 2 is made 
by using a photolithography and etching method of the covered glass 
layer, and the cladding 4 is made by using a flame covering method. 
The waveguide element 22, as illustrated later, is connected to 
the end surface 25 of the slab waveguide 5 in the element 33 of 
temperature-unreliable channel waveguide array, in Fig. 26, the 
element 33 of temperature-unreliable channel 

waveguide array is composed of a buffer layer 29 provided on a 
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.he „ ^^^^ 

» an. ... „ ^^^^^^^^^ ^ ^^^^-^ 

an input optical fiber 7^ • 

• '»t.»tti„g wveungth-divl.lo. 

».U«.., ^^^^^^^ 

th. . ^^^^^ ^ ^^^^^^^ 

».i,hb„ri„ , p„.„,„,„, ^„ 

Channel .eve,„M. . „.„e.e. . ^ 

.ep.„.eav ou.p„a., each of ,„UipX.x,a i,,,,,. , 
conn.«U, p,.,..on ... ^ 
waveguide 5 Is adjustable. 

The .np„. ^ 

o«p„ .... . ^^^^^^ ^ ^^^^ 

by the waveguide core 2. respectively To th« . 

™ ^J^e output channel 
waveguxde 8. output optical fibers 8a are connected 

® connected, respectively 
The channel waveguide arrav 3 . - 

array 3 has a groove (not shown) on the 

» PPo.». .o .... ^. 

temperature -unreliable. 

rn order to reduce the amount o. reflected lights, connecting 

. between the element a. and the element 33 ,„d between the element 
and the output optical fiber Sa are obliquely grinded at an angle 
• The design parameter of the te^erature-unreliable 

wavelengthmultiplexer-demultiplexerlSisad.™, , 

^8 a <Jemultipiexed interval 
of 100 GHz and a channel of u The mu,.,- i 

The multiplexer/demultiplexer is 
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prepared by connecting the waveguide element 22 for band width 
adjustment to the input optical fiber 7a, connecting the output 
channel waveguide 8 of the element 33 of temperature-unreliable 
channel waveguide array to the output optical fiber Sa, and then 
connecting the element 22 to the input slab waveguide 5a of the 
element 33 of temperature-unreliable channel waveguide array. In 
case that the element 22 is connected to the element 33, the element 
22 is adjusted in a direction x along the end surface 25 of the 
slab waveguide 5 and is adhered to the end surface 25 in a position 
that center wavelength is coincident with each other, while the 
output light in the output channel waveguides B is observed. The 
transmitting wavelength is filled with the international standard 
by this detailed adjustment. A wave-form adjustment of the 
transmitting light is made by optimizing a structure of the waveguide 
element 22 for band width adjustment, because the element 22 is 
connected to the slab waveguide 5. 

A wave form of flatter loss in a wider band width is obtained by 
using the slit -shaped in the waveguide for band width adjustment 
as shown in Fig . 27 . it has not been realized by conventional system 
in which the input optical fiber 7a is directly connected to the 
end surface of the slab waveguide 25. The wave form obtained by 
the embodiment of the invention is similar to that of conventional 
multiplexer/demultiplexer shown in Fig. 5 

Inthemultiplexer/demultiplexerl9 8howninFig. 28, the waveguide 
element 22 for band width adjustment and the input slab waveguide 
5 are modified. The input slab waveguide 5 is divided into two parts 
of light incident side and light emanating side, a piece 30 of the 
light incident side is wholly combined in the waveguide element 
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22 for band width adjustment and a piece 31 of 

^1 of the element 22 is 

waveguide array, 
o width adjustment 

. ....... 

he is .ntroduced into the waveguide element 22 .or hand width 

adjustment, but any other band width ad1««^ 
2ft . adjustment means utilizing 

20 •«8tributionof electrlr.*4^i-, "^"ing 
oz electric field on a boundary of the si,h w= 
«... w . e ^-^ao waveguide 

canbeappliedtotheinvention. Forexamni. 

rorexample. a Parabolic hone -shaD-,? 

^ 'waveguide is expanded to th^ 

3 J 22 as shown in Pig. 

Jhe optical wavelength "ultiplexer/demultipie.er of the sixth 
e«bodl„ent in the invention shown in Pig 32 is c 

"^^^onPosedof a substrate 
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1 (e.g. silica substrate), an input slab waveguide 5 to input a 
wavelength-division multiplex signal light from an input optical 
fiber 7a, provided on the substrate 1, a channel waveguide array 
3a which is composed of a plurality of waveguides having a waveguide 
length difference from its neighboring waveguide and which 

demultiplexes wavelength-division multiplex signal lights, and an 
output slab waveguide 6 connected to the array 3a, a plurality of 
output channel waveguides 8 connected to the output slab waveguide 
6 and to output the demultiplexed signal lights to output optical 
fibers 8a, a waveguide element 22 for band width adjustment provided 
between the input optical fiber 7a and the input slab waveguide 
5 and an additive waveguides 5a, 6a provided in the vicinity of 
the element 22 for band width adjustment and the output channel 
waveguide 8. in Fig. 32. the number "29" is a buffer layer, "2" 
is a waveguide core, and -4" is a cladding. 

While the end surface in output side of the input slab waveguide 
5 is in the arc form, 

the input side of the input slab waveguide 5 is in the linear form 
so that it is same as the surface of the substrate 1. 

The waveguide element 22 for band width adjustment is composed 
of a substrate la which is the same material as that of substrate 
1. an additive waveguide 5a and input channel waveguide 7, the end 
of which is connected to an input optical fiber 7a, and an slab 
waveguide 27 which is connected to the other end of the additive 
waveguide 5a and input channel waveguide 7. while the end surface 
in input side of the slab waveguide 27 is in the arc form, the other 
end surface in the output side of the slab waveguide 27 is in the 
linear form so that it is same as the surface of the substrate la. 
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»".P». .ia. „ ^. ^^^^^^^^^ 

core . o» th. ^^^^ ^^^^^^^^^ 

5 . 

' »cc„.ai., « t.. .u.«„,.,„,,„„,,,,,..„ ^^^^^^^^ 

in the invention, the eiemATH- •>•> « 

el„.„t JJ tcr b.„d wiath ,dj„.t.«,t provide 

aa,„.„e,. ... ..... 

ou«„.c...„,, 
..t ..c... . 

....r..,. ^^^^^ ^ 

(100 6H2) and a channel of 16. 

' »i.=. ,AXX, o. ... ^^^^^^^^^ 

element 22 for band width adjustment and ^>. • 
20 c . „ justment and the input slab waveguide 

20 5 IS 21 Mm. and a pitch (Ax2) t-i,- 

' °* "^^^ waveguide in the boundary of 

the output slab waveguide fi and 

eguide 6 and the output channel waveguides 8 

» approximately 20.m. x„ that the element 22 is connected 

the output Slab waveguide S, aberration of approximate!. S OH. 
(wavelength of 0.0. nm, in demultiplexed wavelength occurs if 

the pitch (Axi) Of the waveguide in i ' 
- . • aveguide in the input channel waveguide 

' " 1.05 times as much as the pitch lAx2) of 

^"^2) Of the waveguide in the 
output channel waveguide 8 and if the Inn..^ ^ 

a ir the input channel waveguide 7 
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is shifted by one port, light frequency demultiplexed to the output 
channel waveguides 8 is shifted to approximately 105 GHz (wavelength 
of 0.84 nm) . For the reason, the frequency of several GHz (wavelength 
of several ten nm) in demulplexed wavelength is finely adjusted. 
5 In the embodiment, the total number of the output channel waveguides 
8 and the additive 

waveguides 6a is 13 and the number of the additive waveguides 6a 
in both sides of the output side is 12. That is, the number of the 
additive waveguides 6a and the output waveguides. 8 to be extended 

10 to the output side is 28. 

A Y- branch structure is introduced into the waveguide element 
22 for band width adjustment to broaden the band width. The element 
. 22 is connected to the output slab waveguide 5 of the optical 
wavelength multiplexer/demultiplexer using 

15 temperature-unrelliable channel waveguide array. The connection 
of the element 22 is finely adjusted by moving in the direction 
X to satisfy the transmitting wavelength with the international 
standard. In order to reduce the amount of reflected lights, 
connecting end surfaces between the input optical fiber 7a and the 

20 element 22, between the element 22 and the input slab waveguide 
5 and between the output waveguide 8 and the output optical fiber 
8a are obliquely grinded at an angle of s"" . 

In the waveguide element 22 for band width adjustment and the 
optical wavelength multiplexer/demultiplexer, a substrate 1, la 

25 is silica, a refractive index of the core 2 is 1.4692 and a refractive 
index of the cladding 4 is 1.4574. The core 2 is made by using a 
photolithography and a etching method of the covered glass layer, 
and the cladding 4 is made by using a flame covering method. The 
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substrate l, la is not covered with hho k 

erea with the buffer layer 29. if the 

substrate is silica. 

r..u». „. . 
Of approximately 0.04 ,1, ,s shorn l„ pi,. 33 

* ..ve f,™ Of fu„„ 103= i„ . ^. 

the i„p„e optica f..„ 1. „„ou, co„oo„a to tH. .„a .„f„. 
..^ _ ^^^^ ^^^^^^ 

Of the i„v.„ti,. i. ^ co„v,»tioh« 

«>»ltipl«.r/d.»«ltlpl.,,r Shown In Fig. 5 
^ Th. opttca «v.u„,th »uUipl»„/a»uUip.„„ havln, th. 
« .™«ltlpl„.. ..t.„.> Of xo. OH. .n. th, ch.«.« o, 

-PLinea .3 th, .^oai„,nt of th. invention, hnt th. l.,„tl„. 

not u„u,a to th. ,^ai„„ h,c,„.. th. a„„itipi„.a int.„.i 

.nath,oh.nn.l.™h.rc.nh.optl„n.u,v„l.a. p„„h,r, ,p.„hoUc 
on, .t„otu„ „ .ho„ 1. 3,,.,, ^^^^^^^^ ^^^^^ 

» i« 3S,h, „a . t.p.. .t„ctn„ .ho„ in 3,,=, c,n h. 

-..a ln.t..a Of th. . h„nch ,t„ot„„ „ th ,nla. 

for band width adjustment. 

According to the e^odi^ent of the invention, adjustments such 
as broadening of the band width are possible by providing the element 
for band width adjustment provided between the input optical fiber 
An^. the additive waveguide is provided in the element for band 

width adjustment, whereby center wavelenath 

wavelength is accurately set 
because a combination of the w-v«,.4^ 

the waveguides can be changed even if 
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aberration is in axis when they are fixed with each other. 

As well explained above, the optical wavelength 
multiplexer/demultiplexer of the invention provides advantages set 
out below. 

According to the first feature of the invention, because the 
temperature compensation material provided in the light path of 
the fan-shaped input slab waveguide or the fan- shaped output slab 
waveguide has a sign of refractive index - temperature change opposite 
to that of the plurality of the channel waveguides, it functions 
to cancel the refractive index- temperature change to in the channel 
waveguide array. Therefore, an angle in the in -phase plane of output 
light in the channel waveguide array is not changed regardless of 
the temperature change around the channel waveguide array as well 
as the case that the filling material is provided in the channel 
waveguide array. The thickness of the temperature compensation 
material is less by providing it in the input slab waveguide or 
output slab waveguide . As a result , the additive loss and cross - talk 
are reduced. 

Further, since the optical resin or the multi- component glass 
material, each of which corrects an angle change in the in -phase 
plane of the channel waveguide array due to the temperature change, 
is provided in the input slab or output slab waveguide, its size 
is smaller than that in the channel waveguide array. As a result, 
the additive loss are much reduced. And, a width of groove can be 
accurately controlled because it is not necessary to provide with 
the groove in a wide range, whereby deterioration of the cross -talk 
is much reduced. 

According to the second feature of the invention, the input slab 
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7'-'" °— - . — . ..i:.: 

- ..=n„ .„,^ ^^^^^^ ^^^^ 

' the concrete structure i-k^ • ' as 

ructure. the .nput slab waveguide or output slab 
waveguide is composed of a curv.^ 

a or a curved groove crossing with th- v 

........ ... 

»c=or«„ .o ^^^^^^ ^ 

: rr:""""""-"""*'"-- --'".--OOP 
Lrr;;r"'"'"""°- — — -p^vJ 

«i::r:r:r::r - - — 

"ss caiK can be provided. 
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WHAT IS CLAIMED IS: 

1. An optical wavelength multiplexer/demultiplexer including 
a substrate; an input channel waveguide provided on the substrate; 
an input slab waveguide of which one end is connected to the input 
channel waveguide; a channel waveguide array of which one side is 
connected to the other side of the input slab waveguide and which 
has a plurality of channel waveguides, each of the plurality of 
channel waveguides differing in length from its neighboring 
waveguide by a predetermined amount; an output slab waveguide of 
which one side is connected to the other side of the channel waveguide 
array; and a plurality of output channel waveguides which are 
connected to the other side of the output slab waveguide; 

wherein said input slab waveguide or output slab waveguide 
having one of a temperature compensation material, in its light 
path, having an opposite sign of refractive index - temperature change 
to the plurality of channel waveguides; a material capable of 
canceling change in in-phase plane of light having each wavelength 
which occurs in the vicinity of the channel waveguide array and 
the slab waveguide, the material being provided in the curved form 
so that it may cross the light traveling direction; and a waveguide 
element for band width adjustment on which a waveguide to adjust 
band width of wavelength multiplexing light is provided. 

2 . The optical wavelength multiplexer/demultiplexer according 
to Claim 1, wherein the plurality of channel waveguides are a silica 
glass which has a positive temperature coefficient, and the 
temperature compensation material is a multi -component glass or 
optical resin, which has a negative temperature coefficient. 

3 . The optical wavelength multiplexer/demultiplexer according 
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SO that its wider width side is placed in the side of longer channel 
waveguide of the channel waveguide array. 

11. The optical wavelength, multiplexer/demultiplexer 
according to Claim 1, 

wherein the input slab waveguide or output slab waveguide is composed 
of a curved groove crossing the light traveling direction, and a 
filler which is filled in the curved groove and which has a temperature 
incline of refractive index different from that of the materials 
making up the input slab waveguide or output slab waveguide including 
the curved groove. 

12. The optical wavelength multiplexer/demultiplexer 
according to Claim 11. 

wherein the curved groove is provided so that a center of curvature 
in the wall surface of the groove exists in the vicinity of the 
input slab waveguide and the input channel waveguide, or the output 
slab waveguide and the output channel waveguide . 

13. The optical wavelength multiplexer/demultiplexer 
according to Claim 12, 

wherein the curved groove includes a plurality of the curved grooves 
which are disposed in the light traveling direction. 

14. The optical wavelength multiplexer/demultiplexer 
according to Claim 11, 

wherein the filler is an optical resin including a silicon resin, 
an epoxy resin and a polymethyl methacrylate resin, or a 
multi -component glass material including sodium, potassium and 
calcium. 

15. The optical wavelength multiplexer/demultiplexer 
according to Claim 11, 
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=la. „,.,„.ae o. „„.p„. .^^^^ ^^^^^ ^^^^^ 

1. composed of . ,liic. materi.i. 

5 according to claim l, 

.he„i. ... ^^^^^^^^^^ oo.p„..„,. 

o ^^^^^^^ ^^^^ 

Width adjustment. 

according to Claim 16, 

... „ve,uid. ^^^^^^^^ 
in «° fP" sld. Of the input vavejulde. 

». The optic., .„ei.„„, »»"iple„./d.«„Xtip..„, 
15 according to claim 16, 

..e„i. the ».v.,„id. «e„,.t fo, h..d .idth .d,„.t..„t i. p„.id.d 
b.t..e. th. i.p„t ch.™.i ^^^^^^^^^ 

Th. optic, ,.„I.n,th ™itipi..../de.«itipi«., 

according to Claim 17, 

"° " — ' '« -ath .d,„.t.,„t H,. th. 

»v.,„id. ,hich i. „p„,,, ^^^^^^ ^ 

emanating side. 

^0. The opticai ..v,i..,th .-Ulpx..er/d,.„,tiple.„ 

according to Claim 17, 

- ...reih the ..v.,„id. fo, h.,d .idth .dl..t.e„t h.e the 

.av.,„id. .hich i. e:...d.d i„ the p„.h.iio hoh,.,h,p,d to.„d 

iight emanating side. 

The opticei >.vel.„„h »».tipl...,/d.-.itipl..„ 
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according to Claim 17, 

wherein the input slab waveguide is divided into two parts, one 
of the divided parts existing in the entrance side thereof is provided 
with the waveguide element for band width adjustment, and the other 
5 of the divided parts existing in the emanating side thereof is provided 
on the substrate. 

22. The optical wavelength multiplexer/demultiplexer 
according to Claims 19, 20 and 21, wherein the waveguide element 
for band width adjustment is provided with a slit which exists in 

10 the waveguide thereof and is expanded in the entrance and emanating 
direction. 

23. The optical wavelength multiplexer/demultiplexer 
according to Claim 18, 

wherein a plurality of additive waveguides are provided near the 
15 waveguide element for band width adjustment and the output waveguide . 

24. The optical wavelength multiplexer/demultiplexer 
according to Claim 18 or 23, wherein the waveguide each is a 
temperature -unreliable waveguide. 
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